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Abstract  
+ + The temperature dependence of t h e  bixnolecular r eac t ions  of C 1  , HC1 , CH', 
+ + C H ~ + ,  k, Nh', and NH2 r eac t ing  with b h m e  been inves t iga ted .  For C 1  and HC1 3. 
r a t e  cons tan ts  have been determined over t he  temperature range of 150-400 OK. Prc- 
+ l iminary da t a  havebeenobtailled f o r  t he  o t h e r  s y s t e m .  The C 1  /Hz system shows a 
weak, but  s i g n i f i c a n t  p o s i t i v e  tempr:rature dependence t h a t  could be important i n  
+ i n t e r s t e l l a r  modeling s tudies .  The HC1 /Hz system shows a s u b s t a n t i a l  negat ive 
temperature dependence with t h e  r a t e  constant  approaching the  c o l l i s i o n  r a t e  a t  low 
+ 
temperatures. In  a second s tudy,  t he  a s soc i a t ion  r eac t ion  C H 3  + HCN + CH~*HCN+ has  
been t h e o r e t i c a l l y  modeled us ing  s t a t i s t i c a l  phase space theory. Both r a d i a t i v e  and 
c o l l i s i o n a l  s t a b i l i z a t i o n  have been included. The r e s u l t s  are compared with experi-  
ment with good agreement obtained over wide va r i a tons  i n  T and p. This system is 
p o t e n t i a l l y  important i n  t h e  mechanism of l a r g e  molecule synthes is  i n  i n t e r s t e l l a r  
space. 
I. Introduct ion 
It i s  we l l  known t h a t  the  environment i n  i n t e r s t e l l a r  space is  extreme - t e m -  
pera tures  i n  t he  range of 10-100 O K  and pressures  of 10" t o r r  and lower. Nonetheless 
about half  of the  mass of t he  universe e x i s t s  i n  t h i s  f r i g i d  void i n  t h e  form of 
i n t e r s t e l l a r  "clouds" and increas ingly  complex molecules a r e  being discovered a t  
s u b s t a n t i a l  concentrations.  This  r epo r t  b r i e f l y  summarizes the  work t h a t  we've done 
i n  order  t o  begin t o  understand t h e  chemistry t h a t  occurs i n  t h i s  region of t 5e  uni- 
verse.  The repor t  w i l l  be divided i n t o  two sec t ions .  The f i r s t  of these w i l l  dea l  
with the  temperature dependence of slmple ions  r eac t ing  with Hz and t h e  second with 
the  a s soc i a t ion  r eac t ion  of C H ~ +  with HCN. Manuscripts a r e  cu r r en t ly  i n  preparat ion 
tha t  w i l l  d i scuss  the  work i n  g r e a t  d e t a i l .  These w i l l  be  forwarded t o  JPL when 
f in i shed  . 
11. Temperature Dependence of Simple Bimcrlecular Ion-Molecule Reactions: 
The mos t  abundant molecule, by f a r ,  i n  the  i n t e r s t e l l a r  medium is Hz .  Hence, 
it is of paramount importance t h a t  accurate  r a t e  cons tan ts  be determined between 
var ious  simple ions  and t h i s  neu t r a l  over as wide a temperature range a s  poss ib le  - i n  
p a r t i c u l a r  low temperatures a r e  e spec i a l ly  important. We have i n i t i a t e d  such a s tudy 
+ + + + f o r  the  ions CH , CH2 , N , NH', ~ 2 ' .  CL+ and H C 1  s ince  these arc r e l a t i v e l y  abundant 
+ + ions i n  i n t . c r s t c l l a r  clouds. Tn t h i s  report  only the ions C 1  and HCl w i l l  be d i s -  
cussed i n  d e t a i l .  The data  on the  remaining systems i e  s t i l l  preliminary i n  na ture .  
We have st .udicJ t h e  r c n c t i o n s  
+ + 
CL + H z - - + I I C l  + H - 4 kcal/molc 
o v e r  t h e  temperature  range 150-400 "K u s i n g  a n  Ion Cyc lo t ron  Kesonance Spectrometei  
p r e v i o * : . : .  d i sc r ibe l l  i n  t h e  l i t e r a t u r e . '  The r a t e  c o n s t a n t  f o r  (1) h a s  a smal l  bur 
s i g n i f - c a n t  p o s i t i v e  temperature  dependence. I f  t h z  A r r h e n i u s  form of  t h e  rate con- 
s t a n t  i s  assumed, Eqn ( 3 ) ,  
t h e n  a p l o t  o f  I n  k vs 1/T should  y i e l d  a s t r a i g h t  l i n g  of s l o p e - * / R .  Such a p l o t  
Is l i n e a r  f o r  r e a c t i o n  (1) y i e l d i n g  a b a r r i e r  t o  r e a c t i o n  ET = 335 cal/mole. T h i s  is 
a s m a l l  b a r r i e r  y e t  can  y i e l d  s u b s t a n t i a l  v a r i a t i o n  i n  k w i t h  T. For example 
k3oo = 5.6 x 1 0 " h 3 / ~ ,  k loo  = 1.8 x 10'1° cm3/s and kno - 2.1  x 1 0 " ~ c m ~ / s .  Hence, 
t h e  rate c o n s t a n t  is over  l o 3  smaller a t  i n t e r s t e l l a r  t e m p e r a t u r e s  than  at room t c m -  
p e r a t u r e  - t h e  temperature  of t h e  o n l y  rr, ~ i o u s l y  a v a i l a b l e  measurement. 2 
Reac t ion  (2), by c o n t r a s t ,  h a s  a s u b s t a n t i a l  n e g a t i v e  t empera tu re  dependence. 
For example, k l s o  = 8 . 1  x 10- lo  cm3/s and ksoo = 4.2 x lo-'' cm3/s. Hence, t h i s  r e -  
a c t i o n  will proceed a t  t h e  c o l l i s i . o n  linit a t  i n t e r s t e l l a r  t empera tu res .  The k ind  of  
behav io r  r s l , i b i t c d  by r e a c t i o n  (2) s u g g e s t s  a t i g h t  t r a n s i t i o n  s t a t e  f o r  which E' < Eo 
where Eo i s  t h e  t h r e s h o l d  energy f o r  t h e  e x i t  cllannel. Under t h e s e  c i rcumstances  in -  
c r c a s i n y , t h e t c m p e r a t u r e  (and t h u s  t h e  i n t c r n a l  energy i n  t h e  c o l l i s i o n  complex) wiJ.1 
+.end t o  d r i v e  t h e  r e a c t i o n  towards r e a c t a n t s  because  e n t r o p y  c o n t r o l s  t he  r e a c t i o n  n o t  
energy. 3 
+ F i n a l l y ,  t h r e e  s o u r c e s  of Cl were used; 
Tn most c a s e s  CClzF2 was used because  of  i t s  low Frcezing p - i q t .  No d i f f e r e n c e  i n  k l  
+ 4- 
was  ohserved f o r  any o f  t h e  s o u r c e s  of C1 . I n  all c a s e s  HClwas  used t o  g e n e r a t e  HCl 
i n  r c n c t i o n  ( 2 )  
+ + 
I I .  Ct1.1 + I i C N  
-- - -- 
Cli 3 '1ICN 
-- 
f, Rcc2ut e s p e r  irnen:al work on t h e  above r e a c t  ion has  suggested t h a t  bo th  r a d i a t  ive  
and c o l l  i:; i on:! s t a l ~ i  l i z n t  ion  comprt c. A t  low pressures  rncl la t  ive ; ~ s s o c  i a t i o n  domiuntes 
w h i  lc i ~ t  Ili;.,l] prcs::rlri.s rtl! 1 i s  ion:tl s t a h  i l i i . a t i o n  is prcv,ql rnt .  
~ 1 1 ~ 1  c.xppriprntal tlnt3 
Th experiments were performed over the pressure range 1 0 - 5  p s 10" torr and 
t cm?er~tur t l  r311se 700 " T s, 400 OK. In order to corliim both the gen2ral form of 
mschanLsm (5) and to extend the results to interstellar values oE p and T we have 
modeled the reaction using ststistical phase space The details will be for -  
6 
warded in the form of n manuscript that is currently being typed. The important re- 
sults are: i) reaction mechanism (5) has been substantial; ii) kr - 10' sec-'; iii) 
kb - lo6 see- and iv) the overall association rate is fast at interstellar v;.lues of 
p and T. 
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